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Abstract

The thesis on “Chemical and enzymatic methodologies for processing and modification of lipids and their derivatives” is presented in three chapters along with relavant literature.

CHAPTER 1: SYNTHESIS OF   NOVEL   OLEOCHEMICALS AND THEIR   EVALUATION FOR  SURFACTANT PROPERTIES AND BIOLOGICAL ACTIVITY
            
 Plant-derived oleochemicals are slowly replacing petroleum based chemicals as the world’s fossil oil reserves are dwindling. The growing considerations for the environment and the need for eco-friendly products also helping the oleochemicals to recapture the market in a very fascinating way. It was therefore proposed to synthesize some novel oleochemicals particularly castor oil based alkanolamines and amino acid based ether lipids and to evaluate for their surfactant properties and biological activity.  

Synthesis of Undecenoic Acid-based Alkanol Amines and Evaluation for Surfactant Properties as their Sulfated Sodium Salts
 
	Undecenoic acid, a second-generation product of castor oil is a good feed stock for the preparation of many novel compounds for various applications. Nylon 11, an engineering plastic, accounts for the largest single use of castor oil and undecenoic acid is the precursor to this product. Undecenoic acid is also used as a raw material in the manufacture of fragrance compounds, cosmetics, toiletry and pharmaceuticals. The main objective of the present study was to synthesize alkanol amines with a tri-functionality from undecenoic acid. Alkanol amines are known to be potential molecules as surfactants and as additives in lubricants and also can be used as potential intermediates for the synthesis of pharmaceuticals, pesticides, plasticizers etc. However, there was no reference available in the literature on the synthesis of undecenoic acid based alkanol amines. Some of the products were converted to their ethanol amides to compare their surfactant properties. As the sulfated surfactants are known to be good emulsifiers for a variety of applications, the compounds prepared in the study were also sulfated and evaluated for their surfactant properties.  

Synthesis and evaluation of surfactant properties of sodium salts of methyl 11-(alkylamino)-10-[(trioxidanylsulfanyl) oxy] undecanoate: In the present investigation a number of methyl 10-hydroxy-11-(alkylamino)undecanoates  (Figure 1) were synthesized. Initially methyl 10 - epoxy  undecenoate was prepared from methyl undecenoate using meta chloroper-benzoic acid with a yield of 79% in about 3 hr reaction period.  The epoxide was opened with different alkyl amines, (octyl, decyl, dodecyl, tetradecyl, hexadecyl and octadecyl amine) by refluxing in ethanol medium for about 3 hr. All the analogues of methyl 10-hydroxy-11-(alkylamino) undecanoates were characterized by NMR, IR and mass spectral studies.  In an attempt to accelerate the reaction time and yields, the above compounds were also prepared using microwave-assisted reaction. It was interesting to find that the reaction rate was greatly enhanced under microwave- irradiation. Methyl 10-hydroxy-11-(alkylamino)undecanoate were obtained within 3 minutes as against 3 hr, taken for conventional thermal heating method and the yields were almost similar in both the cases. The free hydroxyl group of the esters was sulfated using chlorosulphonic acid followed by neutralization with 18N aqueous sodium hydroxide solution. The sulfated sodium salts were evaluated for their surfactant properties.           
	Three aqueous concentrations (0.25, 0.5 and 1%) were used to study the surfactant properties namely surface tension, foaming, critical micelle concentration (CMC) and emulsification.  1% Aqueous solutions were found to be superior over 0.5 and 0.25% solutions. Sodium lauryl sulfate (SLS) was taken as a referance to compare the properties. The surfactant evaluation of the series revealed that sodium salts of methyl 11-(dodecylamino)-10-[(trioxidanylsulfanyl) oxy] undecanoate exhibited superior surface tension lowering, CMC and foam properties compared to the rest of the series and was found to be superior than SLS in surface tension lowering.
R  = octyl, decyl, dodecyl, tetradecyl, hexadecyl and octadecyl .

Figure1: Synthesis of Sodium Salts of methyl 11-(alkylamino)-10-[(trioxidanylsulfanyl) oxy] undecanoates and Sulfated and Sulphonated Sodium Salts of 10 – Hydroxy - 11 – (Alkyl Amino) Undecenoic Acids.
Synthesis and evaluation of surfactant properties of sulfated and sulphonated sodium salts of 10 - hydroxy -11- (alkyl amino) undecenoic acid: 10 - Hydroxy-11 – (alkyl amino)  undecenoic acid was prepared by hydrolyzing the corresponding methyl 10 - hydroxy -11 – (alkyl amino) undecenoate using 2% aqueous sulphuric acid at reflux temperature in quantitative yields (Figure 1).             

The acids were sulfated and sulphonated at its hydroxy and carboxyl functionalities using chloro sulphonic acid in chloroform medium at 700C followed by neutralization with 18 N aqueous sodium hydroxide solution. 1, 0.5 and 0.25% Aqueous concentrations of sulfated and sulphonated 10 - hydroxy -11 – (alkyl amino) undecenoic acid were evaluated for their surfactant properties. 

The surfactant evaluation revealed that sulfated and sulphonated salt of 10 – hydroxy -11- (dodecyl amino) undecenoic acid was found to be the best in surface tension lowering, CMC and foaming properties compared to the rest of the series and found to be superior than SLS in surface tension lowering properties.
Synthesis and evaluation of sulfated sodium salts of 1- N, N - di (2 - hydroxy ethyl) - 10 - hydroxy - 11- alkyl amino undecanamides: Diethanol amides are being employed as antistatic mixtures for nylon and polyesters and as an internal antistatic for polyethylene. These are used in cleaning hard surfaces, foam builder and a lime soap dispersant in detergents, as a corrosive inhibitor in aerosol and liquid detergents, as a textile anti-migration agent in dyeing polyesters and as a floatation agents in metal winning and also used as a moulding aid for various resins and flow stabilizers. Diethanol amides exhibit hydrophilizing properties and also known for their surfactant properties and antibacterial activity.  In the present study an attempt was made to create diethanol amide functionality at the carboxyl side of alkanolamines prepared from undecenoic acid. Methyl 10-hydroxy-11-(alkylamino) undecanoate were reacted with diethanol amine in presence of 10% sodium methoxide and methanol at 105oC for 1 hr to form 1-N, N - di (2 - hydroxy ethyl) - 10 - hydroxy - 11- alkyl amino undecanamides (Figure 2). The free hydroxyl groups of 1-N, N - di (2 - hydroxy ethyl) - 10 - hydroxy - 11- alkyl amino undecanamides were further sulfated with chloro sulphonic acid. The sulfated sodium salts were evaluated for their surfactant properties viz., surface tension, CMC, and emulsification. SLS was taken as a reference compound. 
	The surfactant evaluation of the series revealed  that  sulfated  sodium  salt  of 1-N, N - di (2 - hydroxy ethyl) - 10 - hydroxy - 11- dodecyl amino undecanamide was found to be the best in CMC and surface tension lowering properties and hexadecyl derivative in emulsification property.

R = octyl, dodecyl, tetradecyl and hexadecyl.
Figure 2: Synthesis of Sulfated Sodium Salts of 1-N, N - Di (2 - hydroxy     ethyl) – 10 - hydroxy - 11 – alkyl amino Undecanamide. 
Synthesis of methyl 11-[(2-ethoxy-2-oxoalkyl)amino]-10-hydroxyundecanoate:  Amino acid derivatives are known to be important class of surfactants and good amphoteric surface-active germicides.  Some of these derivatives are being used in cosmetic formulations as they have skin compatibility and mildness owing to the structural resemblance of proteins to the skin and hair.  However, there was not much literature available on amino acid based surfactants having multifunctionality.  The aim of the present study was to synthesize amino acid based surfactants from methyl 10 - epoxy undecenoate. The epoxy group of methyl 10 - epoxy undecenoate was opened with three amino acid ethyl esters, namely glycine, isoleucine and serine in ethanol for 3 hr to form methyl 11-[(2-ethoxy-2-oxoalkyl)amino]-10-hydroxyundecanoate (Figure 3).  The products were sulfated using chlorosulphonic acid and evaluated for their surfactant properties.

Figure 3: Synthesis of Sulfated Sodium Salts of methyl 11-[(2-ethoxy-2-   oxoalkyl)amino]-10-hydroxy Undecanoate.


Sulfated sodium salts of methyl 11-[(2-ethoxy-2-oxomethyl)amino]-10-hydroxyundecanoate exhibited superior surface tension lowering than the rest.      All the sulfated sodium salts of methyl 11-[(2-ethoxy-2-                             oxoalkyl)amino]-10-hydroxyundecanoate showed superior CMC values compared to SLS.


Synthesis of Amino Acid-based Ether Lipids and Evaluation for Surfactant Properties as their Sulfated Sodium Salts 

	
Compounds with acyclic propionic structures have been widely used in pharmaceutical, cosmetic and food industries. The reaction of long-chain glycidyl ethers with alkyl amines can yield acyloxy propanol amines and were found to be interesting biologically active and surface-active molecules. Due to good thermal stability, these molecules are potential polyfunctional fuel additives and exhibit good compatibility with ethanol-diesel fuel-blends. In the present study long chain glycidyl ethers were opened with glycine ethyl esters to prepare novel amino acid based ether lipids. Long chain alcohols (octyl, decyl, dodecyl, tetradecyl, hexadecyl and octadecyl alcohol) were reacted with epichlorohydrin to obtain glycidyl ethers. Glycidyl ethers were then opened with glycine ethyl esters (Figure 4) in ethanol medium. The products were characterized by NMR, IR, and Mass spectral studies. Ethyl 2- (2 - hydroxy - 3 - acyloxy propyl amino) acetates were sulfated using chlorosulphonic acid and evaluated for their surfactant properties as their sodium salts.

Among the series sulfated sodium salts of ethyl 2- (2 - hydroxy - 3 - dodecyloxy propyl amino) acetate was found to be superior with respect to surface tension lowering and CMC values compared to the rest of the series and also SLS. octadecyl derivative was found to be superior in emulsification properties compared to others in the series.
Where R = octyl, decyl, dodecyl, tetradecyl, hexadecyl and octadecyl 
Figure 4: Synthesis of Sulfated Sodium Salts of Ethyl 2 - (2 - Hydroxy - 3 -  
                     Acylloxy Propyl Amino) Acetate.


Biological Activity of Undecenoic Acid-based Alkanol   Amines and Amino Acid-based Ether Lipids

	 The use of surfactants as emulsifying agents, solubilizers, suspension stabilizers and as wetting agents in formulations intended for administration to human subjects or to animals can lead to significant changes in the biological activity of the active agent in the formulation. Some surfactants have the ability to increase the permeability of microbial cell wall or to act synergistically with antimicrobial agents. Some surfactants have antimicrobial properties and some antimicrobial agents have surface active properties. Surfactants are used as mild antimicrobial liquid cleansing formulations, as antimicrobial perfume composition, in powder detergent composition, in preparation of bactericidal detergents, coating materials, dishwashing , pharmaceutical compositions. 
Sodium lauryl sulfate, one of the common known surfactant shows antimicrobial activity against Staphylococcus and can be used as dental root canal bactericidal lubricant, antibacterial liquid hand cleaning compositions, a liquid skin cleanser and in hair shampoo. The alkyl amine based surfactants are known for their antimicrobial activity. Compounds containing morpholinone nuclei are known to posses biological as well as useful industrial properties and are used as analgesics, germicides and antiallergesics and industrially as hair growing aids. Fatty 2-morpholinone derivatives from the reaction of methyl 10,11-epoxyundecenoate with glycine show antimicrobial activity. Amino acid based surfactants also             exhibit antibacterial activity and are being used in cosmetics, cosmetic   stick compositions.

In the present work undecenoic-based alkanol amines and amino acid-based ether lipids were evaluated for their antibacterial activity against three-gram positive bacteria namely  Bacillus subtils, Bacillus sphaericus and Staphylococcus aureus and three-gram negative bacteria Chromobacterium violaceum, Klebsiella aerogenes and Pseudomonas aeruginosa. Antifungal activity was tested against five fungi namely Aspergillus niger, Rhizopus oryzae, Candida albicans, Colletotrichum species and Stereum hirsutum. 

	Agar cup bioassay was employed for testing antimicrobial activity of the compounds. The ready made nutrient agar medium (40 gm/l) for antibacterial activity and potato dextrose agar (39 gm/l) for antifungal activity was suspended in distilled water (1000 ml) and heated to boiling until it dissolved completely.  The medium was poured into sterile petri dishes under aseptic conditions in a laminar flow chamber. When the medium in the plates solidified, 0.5 ml of 24 hr culture of   test organism was inoculated and uniformly spread over the agar surface.  After inoculation, cups were scooped out with 6 mm sterile cork borer and the lids of the dishes were replaced. different concentrations of test solutions (30,100,150 g/ml) were added to each cup. Controls were maintained with SLS and triton-x (150 g/ml). The treated and the controls were kept in an incubator at 370C for 24 hr in case of antibacterial activity and 48 hr in case of antifungal activity. Inhibition zones were measured and diameter was calculated in millimeters. Three to four replicates were maintained for each treatment.

Methyl 10-hydroxy -11-(alkyl amino) undecenoates exhibited good antibacterial activity towards Bacillus sphaericus, Chromobacterium     violaceum, Klebsiella aerogenes and Bacillus subtils and did not show any activity towards Pseudomonas aeruginosa. 10 - Hydroxy -11 – (alkyl amino) undecenoic acids exhibited good activity  against Staphylococcus aureus, Klebsiella aerogenes and moderate against Bacillus subtils, Bacillus sphaericus and Pseudomonas aeruginosa and less activity against Chromobacterium violaceum.
                      
           1N, N - Di (2 - hydroxy ethyl) - 10 - hydroxy - 11- alkyl amino undecanamides exhibited good activity against Staphylococcus aureus, Bacillus subtils, Bacillus sphaericus, Chromobacterium violaceum and less activity against Klebsiella aerogenes and Pseudomonas aeruginosa.
	        
Methyl 11-[(2-ethoxy-2-oxoacyl)amino]-10-hydroxyundecanoate exhibited good activity against Staphylococcus aureus and moderate activity against Bacillus subtils, Bacillus sphaericus, Chromobacterium violaceum, Klebsiella aerogenes and no activity against Pseudomonas aeruginosa

Ethyl 2- (2 - hydroxy - 3 - acyloxy propyl amino) acetates have also exhibited good activity against Staphylococcus aureus, Chromobacterium violaceum, Klebsiella aerogenes, Bacillus subtils and Bacillus sphaericus and less acitivity against Pseudomonas aeruginosa. The results indicated that the antibacterial activity increased as the chain length of the alkyl group increases.

All the compounds evaluated for antifungal activity did not show any activity towards Rhizopous oryzae, Aspergillus species. Methyl 10-hydroxy -11 – (alkyl amino) undecenoates, N, N - di (2 - hydroxy ethyl) - 10 - hydroxy - 11- alkyl amino undecanamide, 10 - hydroxy-11 – (alkyl amino)  undecenoic acid and  methyl 11-[(2-ethoxy-2-oxoacyl)amino]-10-hydroxyundecanoate showed moderate activity against the other three species namely Candida albugans, Colletotrichum species and Stereum hirsutum. Most of the 10 - hydroxy-11 - alkyl amino  undecenoic acids  exhibited comparetively enhanced activity  against Candida albugans, Colletotrichum species and Stereum hirsutum  compared to methyl 10-hydroxy-11-(alkylamino)undecanoates. In general most of the compounds exhibited good activity against Stereum species and moderate activity against Candida and Colletotrichum species. However  most of the analogues of ethyl 2 -(2 - hydroxy - 3 - acyloxy propyl amino) acetates exhibited good activity against all the three species.


CHAPTER 2: PREPARATION OF FOOD GRADE AND MODIFIED LECITHINS

Lecithin is present in many natural sources like human/animal tissues (egg, milk, brain phospholipids etc.,), plant sources (soybean, rice bran, corn, cottonseed etc.,) and microbial sources (green algae, euglenoids etc). Lecithin is a by-product during vegetable oil degumming, which is the first step in the vegetable oil refining process. Soybean lecithin is being used as multi-functional additive for food, pharmaceutical and industrial applications. However, most of the soybean oil gum produced in the country has been sold at a discount as soap stock or added back to the soybean meal instead of processing lecithin from gums as there is no attractive indigenous process available. In the present investigation, a systematic study was carried out for optimizing commercially feasible processes for the preparation of the food grade lecithin from rice bran oil gums. A simple method was also developed for enrichment of phospholipid content in the commercial rice bran and soybean lecithin. Microwave-assisted rapid methodology was also optimized for the preparation of hydroxylated lecithin.

Bleaching of Crude Rice Bran Lecithin for the Preparation of Food and Industrial Grade Lecithins 

	During the degumming step of vegetable oils, wet gums are obtained, which require immediate drying as they have a high content of moisture (about 60%). Commercially dark colored lecithin is obtained after cooling the dried gums.  Origin, storage conditions and quality of rice bran and solvent extraction conditions are mainly responsible for the color of the crude lecithin. Chemical bleaching is an essential process for lecithin as adsorbants are too mild to bleach lecithin. 

	In the present work a systematic study was carried out on bleaching using various bleaching agents namely hydrogen peroxide or benzoyl peroxide or mixture of hydrogen peroxide and benzoyl peroxide, sodium chlorate and sodium chlorite. Color reduction was excellent both with sodium chlorite and with a mixture of hydrogen peroxide and benzoyl peroxide. Bleaching was carried out either in solvent or with out using solvent medium.  different solvents like ethanol, methanol, isopropanol and hexane. However, hexane was found to be more suitable solvent as the bleaching medium. 

The color of the commercial lecithin was reduced from 18+ to14  (Gardner color units) within two hours and to 13 units within five hours when hydrogen peroxide (3%) and benzoyl peroxide (1%) was used. However when sodium  chlorite (4%) was used, color was reduced to 13 units within three hours and four hours with and without solvent medium respectively. The results show that double bleaching effect can be achieved only with sodium chlorite treatment in shorter bleaching period. However the bleached sample obtained using sodium chlorite may not be useful for food grade and can be used for industrial application where light colored lecithin needed. All the bleached samples obtained in optimum bleaching conditions were evaluated for their acid value, peroxide value, color and hexane insolubles. The fatty acid composition of crude and bleached lecithin was also determined.

Enrichment of Phospholipid Content in Commercial Soybean and Rice Bran Lecithins

The phospholipid content of commercial lecithin varies depending on the processing conditions of degumming. But lecithin used for specific applications requires a definite content of phospholipid. There are well-defined methodologies to lower the phospholipid content in the commercial lecithin. Soybean, peanut, cottonseed or partially hydrogenated soybean oil may be mixed with commercial lecithin in case the application demands lower content of phospholipids.  However, there is no methodology available to enrich lecithin with a higher content of phospholipids.  In the present study, a simple method was developed to enrich phospholipid content to a definite extent in commercial soybean lecithin and rice bran lecithin followed by bleaching of the enriched samples using hydrogen peroxide and benzoyl peroxide.

Commercial soybean and rice bran lecithin employed for this study contained 50% and 40% of phospholipids determined as acetone insolubles. The additional amount of phospholipids required to enrich 100 gm of the commercial lecithin to 55, 60, 65, 70, and 75% of phospholipids was theoretically calculated. The pure phospholipids obtained as powdered wet acetone insolubles were added to commercial lecithin and homogenized at about 70-75C. Using this methodology commercial lecithin can be enriched to any required percent of phospholipids for various applications. The enriched lecithin was then subjected to bleaching using a mixture of hydrogen peroxide and benzoyl peroxide to obtain a color of 13 (Gardner scale). All the enriched samples of soybean and rice bran lecithin were analyzed for their acid value, iodine value, peroxide value, viscosity and color. The fatty acid composition of rice bran  and soybean lecithins with different phospholipids contents was also determined.
  
Preparation of Hydroxylated Lecithin
	The phospholipids posses both hydrophyllic and lipophyllic groups which make them widely used as emulsifying agents or surface active agents. An effective way to improve emulsifying properties of vegetable lecithins for o/w system or water dispersibility to increase the apparent hydrophilicity is hydroxylation. Hydroxylation imparts hydrophilic properties and improves moisture retention to the lecithin.  It is useful in baking application of fats and retard staling. 

 	The objective of the present work was to develop an improved and environmental-friendly process for hydroxylation of crude soybean lecithin and rice bran lecithin using lower concentration of hydrogen peroxide solution at lower reaction times with higher conversion rates compared to the reported methodologies.  The unsaturated fatty acids present in lecithin namely oleic, linoleic and linolenic undergo hydroxylation at their double bond to yield hydroxylated lecithin.  A representative hydroxylation reaction with oleic acid containing lecithin is given here.


         
	Commercial soybean and rice bran lecithin were hydroxylated using lactic acid and hydrogen peroxide by using conventional thermal heating (70-75ºC). Maximum hydroxylation was achieved after 12 hr of reaction and there was no further reaction even after 18 hr. Microwave-assisted reaction drastically reduced the hydroxylation time compared to conventional thermal heating. Microwave-irradiation technique is an environmental-friendly process. There was 37% reduction in IV in 40 min through micrwave-assisted reaction and which could not be achieved using the conventional heating even after 18 hr in similar reaction conditions. Similarly the reduction in IV in 5 minutes of microwave irradiation (20.3%) was more than that of 3 hr conventional heating conditions (20.5 %). For comparison, methyl oleate was hydroxylated using H2O2 and lactic acid at 70-75OC for 8 hr. The products were characterized by NMR and IR spectral studies.


CHAPTER 3:  ENZYMATIC DEGUMMING OF RICE BRAN OIL

Rice (Oryza sativa) is one of the world’s most important food crop and oldest cereal grain. Rice bran is a valuable co-product of the rice milling industry. Rice bran is a very nutritional product and also a rich source of oil.  Rice bran consists of very active 1,3- specific lipase which hydrolyzes the oil to free fatty acids and mono/ diglycerides, if the bran is not extracted immediately after milling. Because of the rapid onset of lipase activity it is necessary to stabilize the bran or extract the oil as quickly as possible ideally within two to three hours after milling. 

 Rice bran oil has a balanced fatty acid profile and presence of a host of minor constituents with proven nutritional benefits such as gamma oryzanol, tocotrienols, tocopherols and squalene. At the same time, rice bran oil differs from other vegetable oils because of its higher content of free fatty acids along with unusually high content of wax, unsaponifiable constituents, polar lipids including glycolipids, and coloring materials. The majority of the nutritional components present in rice bran oil are being destroyed or removed during traditional alkali refining. Chemical refining of rice bran oil generally results in losses considerably higher than those encountered in other vegetable oils. The reasons for the higher losses are attributed to the presence of larger amounts of free fatty acids and non-oily constituents.

Physical refining is the useful route for refining of vegetable oils with higher free fatty acid content as the loss of oil and effluent will be minimum compared to chemical refining.  However, the most important prerequisite for physical refining is the efficient removal of phosphatides.  The oil would be amenable to physical refining only if it contains less than 10 ppm of phosphorus and more preferably less than 5 ppm. The efficient removal of phosphatides is very difficult from rice bran oil because of high amount of gums and waxes and no method is known till now which can reduce phosphorus level upto 5 ppm. Therefore, majority of the rice bran oil produced in the country is being refined chemically.  This deteriorates the quality of oil.  Most of the micronutrients during chemical refining are lost and the resultant oil goes to vanaspati and other applications fetching less value for the processors.  Because of this, though the oil is regarded as nutritionally superior to most of the other vegetable oils, very little amount of the oil is used for direct human consumption.  On the contrary, if an efficient degumming technique is developed, which can ensure the phosphorus content less than 5 ppm,  the oil can be refined by using physical methods.  This will result in good quality oil for direct human consumption bringing more money and less pollution to the processors.
 
The main objective of the present study was to develop an improved process for the pretreatment of rice bran oil by employing enzymatic degumming for the effective physical refining.

	Enzymatic degumming catalyzes the conversion of both hydratable and non-hydratable phospholipids into water-soluble lyso-phospholipids, which are then removed by centrifugation, yielding degummed oil low in phosphorus. The enzyme employed in this study is manufactured commercially  by M/s Novozymes A/s, Denmark, with a trade name of Lecitase Novo. Lecitase Novo is a carboxylic ester hydrolase produced by submerged fermentation of a genetically modified Aspergillus oryzae  micro organism. Lecitase Novo acts on phospholipids as a phospholipase type A1 to yield the corresponding lyso 1- phospholipid. Lecitase Novo complies with the recommended  purity specifications for food-grade enzymes given by the joint FAO/WHO expert committe on Food Additives (JECFA) and the Food Chemicals Codex (FCC). 


Reaction Catalyzed by Phospholipase A1; R1, R2 - Fatty  acids/acyl  moieties; X, base or alcohol (Eg: Choline, Ethanolamine or Inositol etc.).
	
In the present study enzymatic degumming conditions were optimized by varying enzyme quantity, reaction temperature, water concentration, phosphorous content in the rice bran oil, citric acid and sodium hydroxide concentration and FFA content in the oil.

	The reaction conditions were optimized using rice bran oil (500 g/batch) having phosphorous content of 260-663 ppm. Initially enzyme content was varied from 25 mg (100 LENU/g) to 300 mg (1200 LENU/g). The degummed oil was found to contain 15.4 to 25.3 ppm of phosphorous after 3 hr of reaction. The phosphorous content of bleached and dewaxed oil was less than 5 in all the cases, which is a pre-requisite for physical refining. A dosage of 100 mg of enzyme could be a reasonably good quantity for obtaining bleached and dewaxed oil with 1 ppm of phosphorous and the same dosage was employed for further reactions.The temperature of the enzymatic degumming varied from 35oC to 45oC and 35oC was found to be optimum for obtaining lowest phosphorous in bleached and dewaxed oil.
	In the usual water degumming protocols almost 2 to 3% of water is being used and in the present study 1.4 to 2 % water was employed along with enzyme solution. The results indicated that effective degumming can be achieved just with 1.6% of water.

	The data generated in this study revealed that enzymatic degumming process is not very sensitive to the variations in phosphorous and fatty acid content of the rice bran oil if the temperature is maintained at about 35-45oC. The modest increase in FFA content of the enzymatically degummed oil was due to fatty acid released during enzymatic hydrolysis of the phospholipids.

	The  gums obtained during the enzymatic process are milk like liquid in its consistancy and are different from the traditional water / acid degumming process as the enzymatically  hydrolyzed lysophospholipids are hydrophylic and mostly soluble in water. Lysolecithin is known to be an efficient emulsifier compared to the lecithin. The fatty acid composition of both crude lecithin and hydrolzed lecithin is almost similar. Rice bran oil lecithin / hydrolzed lecithin exhibits better oxidative stability as it contain lower amounts of linoleic and linolenic acids compared to soybean lecithin   

	Enzymatic degumming will be a promising alternative for acid degumming with the following advantages:

	The enzymatic degumming process is very simple in operation. It can be adapted in the existing refineries with minor modifications. The phosphorus level in the pre-treated rice bran oil to be sent for physical refining could be brought down to 0 to 5 ppm from around 260-663 ppm present in crude rice bran oil.

	Adoption of this process should give a big boost to proper utilization of rice bran oil and reduces the gap upto some extent in edible oil supply in the country.
	As water wash is not necessary after enzymatic degumming, and oil loss in washing step can be avoided.

	Enzymatic process produces gums and waxes separately.  Hence, lecithin and lysolecithin from gums and bleached wax and tricontanol from the crude wax can be prepared with better quality compared to acid degumming protocol. 

	The oil loss during enzymatic degumming process is lower than in the conventional phosphoric acid degumming. The gums obtained during enzymatic degumming are about 1.5% against 2-4% in the conventional degumming. The oil content of the gums of the enzymatic degumming is only 25-30% compared to 50 – 60% in conventional gums. Thus, there will be a saving of about 0.6 to 1.4% of oil during the enzymatic degumming compared to traditional degumming.

	The enzymatic degumming process does not alter the fatty acid composition of the rice bran oil.

	The oryzanol present in crude rice bran oil remains almost intact during the enzymatic degumming.

	The enzymatic degumming is an eco-friendly process, as it does not generate effluent water.  Effluent water is generated in the water wash step after conventional phosphoric acid degumming, whereas, water wash is not necessary after enzymatic degumming.  


